Introduction
Since the implementation of the hospitalised standardised mortality ratio (HSMR) in the Netherlands, hospitals report their mortality rates on an annual basis as an indicator for the quality and safety of their patient care 1 . The HSMR is currently focused on the inpatient period, but this scope might be too limited. In recent decades, several studies have focused on broadening the hospital mortality ratios to 30-day post-discharge mortality ratios 2, 3 . Most researchers conclude that the hospital mortality rates should not be focused on the in-hospital period alone because these may be affected by differences in the discharge policies 4 . Hospitals with a shorter length of stay (LOS) might have better results for the hospital mortality ratios, whereas hospitals with a palliative care unit perform worse 5 . In addition to discharge policies, different patient groups affect the mortality rates. For example, acutely hospitalised older patients have in-hospital mortality rates ranging from 7 to 25% [6] [7] [8] . Increased age, functional disabilities upon admission, multimorbidity and pre-existing cognitive impairment are associated with both higher in-hospital and post-discharge mortality rates 9 . In the past two decades, hospitals in the Netherlands have implemented improved treatment strategies. System-wide interventions to identify older patients who are at risk for functional decline and medication reconciliation have contributed to a decline in the in-hospital mortality of older patients [10] [11] [12] . At the same time, the mean LOS decreased from weeks to days. Nordström et al. 13 concluded that a shorter LOS for patients with a hip fracture is associated with an increased post-discharge mortality rate among patients with a LOS of 10 days or less. However, the influence of improved treatment strategies and new patient safety procedures on the in-hospital and 30-day post-discharge mortality for the most common acute diagnoses in older patients is unknown. Therefore, the aims of this study are (i) to separately compare the changes over time in the in-hospital mortality and mortality from discharge to 30 days post-discharge for acute myocardial infarction, heart failure, stroke, chronic obstructive pulmonary disease, pneumonia and hip fracture in acutely admitted older patients and (ii) to assess the effect of separately analysing the in-hospital mortality and the mortality from discharge to 30 days postdischarge.
Methods

Data
Data on hospital admissions were retrieved from the Dutch Hospital Discharge Register (LMR) 14 . The LMR has a national coverage with missing values of less than 5% before 2006, 10.5% in 2006 and 12.7% in 2009 respectively. Data on the type of hospital, hospital admission dates, main (discharge) diagnoses and secondary diagnoses, acute and elective admissions, discharge dates, length of hospital stay, sex, age and mortality are stored in this database. Statistics Netherlands linked records from the LMR to the Dutch population register. The Dutch population register contains personal characteristics of all persons registered in the Netherlands. More than 85% of all hospital discharges in the LMR were successfully linked, at the patient level, to the population register 15 . To retrieve the date of death, we linked the LMR to the Causes of Death Registry (CDR). The CDR is maintained by the Statistics Netherlands and collects data on all Dutch deceased patients as well as documents the patients' places of death, primary causes of death, and up to three secondary causes of death.
Population
The study population included acutely admitted patients, aged 65 years or older, with a first index hospitalisation in the years 2000, 2003, 2006 or 2009. Eligible patients had an acute hospitalisation for either acute myocardial infarction (AMI), heart failure (HF), stroke, chronic obstructive pulmonary disease (COPD), pneumonia or hip fracture based on their discharge diagnoses. The LMR uses the International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9 CM) to register the discharge diagnosis 16 . Table 1 shows the codes of the selected discharge diagnoses 17 . If a person was acutely admitted more than once during the single index year, the first acute hospitalisation was included (Fig A-1.) , although a new first index admission was selected every index year; therefore, an individual patient could have been included more than once in the complete dataset.
Outcome measures and covariates
To compute the mortality from discharge to 30 days post-discharge, the time of discharge was subtracted from the time of death. Covariates in our final model were, where possible, according to previous literature on standardised hospital mortality ratios 1, 18 . Age, sex, LOS in days, type of hospital (academic versus non-academic), socioeconomic status score and Charlson comorbidities were included as covariates in our final model. The socioeconomic status scores (SES) were calculated by the Netherlands Institute for Social Research and include the average income in a district, the percentage of people with low incomes, the percentage of people with low education level and the percentage of people not working. Through factor analysis, these variables are summarised into one variable 19 . At discharge, the main (primary) diagnosis of the admission and up to 10 secondary diagnoses can be registered. From the primary and the secondary diagnoses a comorbidity score was derived by converting all diagnosis codes into the 17 clinical conditions that are used in the Charlson comorbidity index 20 . Table 1 . Characteristics of patients acutely admitted according to discharge diagnoses and year of discharge 
Statistical analysis
Descriptive analyses were performed for each year to characterise the population. Separate analyses were performed for AMI, HF, stroke, COPD, pneumonia and hip fracture. We calculated the unadjusted percentages of observed in-hospital mortality and mortality from discharge to 30 days postdischarge at 3-year time intervals between 2000 and 2009. Logistic regression analyses were performed to compare the probabilities of dying from the start of an acute hospitalisation to 30-days post-discharge in 2009 compared to 2000. To compare the time-trends in the in-hospital mortality and mortality from discharge to 30 days post-discharge, multinomial regression analyses were performed, and those patients who were alive at 30-days post-discharge were included in the reference category. We included age, sex, LOS type of hospital, SES and Charlson comorbidities in our final adjusted model. A P-value of <0.05 was used as threshold for statistical significance. All analyses were performed with SPSS 20 software (SPSS Inc., Chicago, IL, USA).
Results
A total of 263,746 patients were included. Table 1 
Unadjusted percentages in the in-hospital mortality and mortality from discharge to 30 days post-discharge
The unadjusted percentages of in-hospital mortality and mortality from discharge to 30 days post-discharge for each diagnosis group are shown in 
Trends over time in the inhospital mortality
Unadjusted and adjusted multinomial logistic regression models are shown in Table 2 
Trends over time in the mortality from discharge to 30 days postdischarge
Older patients with a discharge diagnosis of HF or stroke were more likely to die from discharge to 30 days post-discharge in 2009 than in 2000. Table 2 ).
Discussion
In this large nationwide study, older patients had lower probabilities of dying from admission to 30 days post-discharge in 2009 compared to 2000. However, the decline was largely due to the lower in-hospital mortality rates over time. 
Strengths and limitations of the study
The strength of this study is a national sample of mortality in 263,746 older patients who were acutely admitted for one out of six common discharge diagnoses over a 10-year period. However, the administrative databases containing the data used for this study have some limitations. Approximately 10% of the admissions could not be linked to the population registry and were excluded. Nevertheless, Statistics Netherlands considers this number of linkable admissions reliable for performing statistical analysis 15 . Furthermore, detailed information on the precise location of death outside the hospital and the care patients received after discharge was not available. Therefore, we could not evaluate the impact of discharge care on the mortality rates.
Comparison with other studies
Our results of declining in-hospital mortality rates are in accordance with previous studies 3, 21, 22 . However, most of these studies focused on all patients who were admitted to the hospital instead of specifically on acutely hospitalised older patients. Acutely hospitalised older patients are characterised by high mortality ratios. In this study, we detected a mean overall mortality rate at 30 days (both in-hospital and out of hospital) of 19% for the 2000-2009 period, whereas Pouw et al. 2 reported a mean overall mortality rate of 7.2%.
A possible explanation for this difference may be the inclusion of a highly vulnerable population of acutely hospitalised older patients in our study. A mean 30-day post-discharge mortality ratio of 5% was observed in our study. A study with a comparable vulnerable population, by Drye et al. 5 , found similar 30-day mortality ratios in older patients who were admitted for HF, AMI and pneumonia. Bueno et al. 21 previously observed reductions in the in-hospital mortality and less marked reductions in the 30-day mortality in patients admitted for HF.
Implications of findings
Many of the efforts in the past decades have focused on improving the treatment strategies for a variety of diagnoses, reducing the LOS and improving care for older persons during hospitalisation 23 . This could have contributed to the lower in-hospital mortality rates. After the manifest 'to err is human', many countries have implemented system-wide patient safety interventions, such as medication reconciliation 24 , improved handovers 25 and malnutrition prevention programmes 26 . There is increasing awareness that older hospital patients are especially vulnerable shortly after hospital discharge 27 . Due to the presence of geriatric conditions that are often not resolved after hospital discharge 28 and the presence of cognitive impairments that continue after hospital discharge, this patient population is at a higher risk for adverse events. Forster et al. already demonstrated that adverse events shortly after discharge are common, such as adverse drug events, inadequate follow-up and hospital-acquired airway and/or urinary tract infections, resulting in higher readmission and mortality rates 29 . As the ageing population across the world increases we would expect hospital mortality ratios to increase as this population is known to be at higher mortality risk than younger adults. In order to improve evaluations on mortality ratios across the world, we advise to keep the two mortality ratios separate. Our results highlight the need for the development of new interventions that address the needs of older persons in the post-discharge period to further reduce post-discharge mortality. Transitional care interventions, extended collaboration with pharmacists, and better handovers to the practice or district nurse may help to reduce this post-discharge mortality 30 . Mortality from discharge to 30 days post-discharge may also be affected by factors outside of the hospital, such as the quality of primary care and longterm care. If mortality from discharge to 30 days post-discharge becomes a more important quality indicator, hospitals might invest more in developing optimal handover and post-discharge care. The mortality ratios from discharge to 30 days post-discharge are less vulnerable to discharge bias than the in-hospital mortality ratios.
Conclusion
In this large, nationwide study, a decline was observed in six highly prevalent discharge diagnoses in terms of the in-hospital mortality, while the change in mortality from discharge to 30 days post-discharge depended on the diagnosis, and it either declined, remained unchanged or increased. Because the decline was largely from the lower in-hospital mortality rates over time, separately reporting both rate estimates might be more informative than providing an overall hospital mortality rate from admission to 30 days postdischarge. We need more detailed insight into the causes and consequences of changes in the in-hospital mortality and mortality from discharge to 30 days post-discharge to optimise hospital and post-discharge care.
